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TTTIiE OF THE INVENTION 

GENETIC CONSTRUCT S CONTAINING THE 
AT.7.TrFTMFR BRAIN ^MYT^ID GENE 

BACKGROUND OF TH E INVENTION 

The present invention was made using funds of 
the United States government. The U.S. government 
is granted a royalty-free, nonexclusive, worldwide 
and paid-up license to this invention. 



FIELD OF THE INVENTION 

The present invention relates- to recombinant 
DNA technology and to products and processes 
involved in the cloning preparation, expression, 
and use of genes for amyloid derived from the brain 
of Alzheimer's Disease patients. 

Description of the Backgr ound Art 

Senile plaques found in abundance in the Alz- 
heimer's Disease (AD) brain represent a hallmark 
feature of this disorder and have been correlated 
with the degree of intellectual impairment (2, 3). 
The plaques are composed of extracellular amyloid, 
reactive cells, and degenerating neurites (1). The 
proteinaceous amyloid is also associated with the 
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cerebral vasculature of the AD brain (6). Amyloid 
is composed of fibrils of 4-8 nm diameter that form 
the core of the plaques (4) . 

Protein chemistry studies have provided 
limited information on amyloid fibrillary material. 
Glenner and Wong (5) purified amyloid from menin- 
geal vessels of an AD brain; a 4*2 kd polypeptide, 
known as S-amyloid, was isolated and shown to have 
a unique amino acid sequence. A polypeptide of 
similar sequence was subsequently isolated from the 
cerebrovascular amyloid of a Down's syndrome brain 
(7) ; a single amino acid substitution, of glutamic 
acid for glutamine at position 11, distinguished 
the two polypeptides. Similar results were 
independently obtained by Masters et al. (8) who 
partly purified and analyzed amyloid plaque cores 
from the AD cerebral cortex; the amino acid 
sequence of the Glu variant was -obtained and is 
referred to as A4 amyloid. 

The £ -polypeptide, derived from purified p- 
amyloid, is disclosed in Glenner et al <, , U.S. 
Patent No. 4,666,829, filed May 15, 1985. This 
patent also discloses antibodies made to the first 
10 amino acids of the ^-polypeptide. 

The amyloid gene product merits intense 
scrutiny since it is a major neuropathology 
•manifestation of AD. At present, no direct 
information is available on mechanisms that 
regulate amyloid metabolism and which are respons- 
ible for the increased deposition of amyloid in the 
AD brain. The gene has been localized to chromo- 
some 21, as has the gene for familial AD (10, 11). 
Therefore, complex interactions involving chromo- 
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soine 21 gene products (31), the processing of tran- 
scripts or of the protein precursor, an unusual 
precursor structure, and/or interaction with the 
environment may contribute to the unusually high 
content of amyloid in the AD brain (30) . 

SUMMARY OF THE INVENTION 

In order to begin to distinguish among these 
possibilities, it is of interest to determine 
whether or not the genetic transcript for amyloid 
that is expressed specifically in the AD brain is 
the same as in non-demented cases. For example, 
nucleotide sequence variations occurring at certain 
sites may affect mRNA activity or stability; or, 
more than one form of amyloid protein may be 
synthesized. Alternatively, if the predominant 
type of amyloid mRNA derived from the AD brain is 
the same as from non-Alzheimer sources, then in 
order to explain the overabundance of amyloid 
typically present in the AD brain, attention would 
have to be focused upon elucidating the fine 
details of genetic control mechanisms affecting 
transcription levels or the regulation of amyloid 
protein turnover at the cellular level. 

cDNA libraries from AD brain mRNA were 
prepared and the amyloid precursor cDNA identified. 
Coding and 3 ^non-coding regions of cDNA sequences 
that surround and include the known A4 -amyloid 
polypeptide structure are disclosed. The cloned 
amyloid insert is also used to compare AD and 
control mRNAs on Northern blots and the results are 
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contrasted with those obtained with a glial - 
specific mRNA v 

The invention is also drawn to recombinant 
molecules containing the AD-amyloid gene, such as 
plasmids; to hosts transformed m therewith; to 
methods of production of AD-amyloid; to diagnosis 
of ADr and to genetic models for AD, such as 
transfected cell lines and transgenic mice. 

The most serious obstacle to elucidating the 
molecular mechanisms involved in amyloid synthesis 
and deposition in the AD brain has been the 
unavailability of convincing cellular or animal 
models for this uniquely human disorder. There- 
fore, we have applied our cloned amyloid inserts, 
along with newly developed tumor virus vectors, 
derived form SV40 and the JC virus, to prepare and 
analyze transfected cells and transgenic mice to 
establish models for amyloid overexpression that 
may be relevant to the amyloid accumulation of the 
AD brain • The . models are not only intended to 
provide an experimental medium that may elucidate 
aspects of the molecular pathogenesis of AD, but 
also to serve as tools for screening drugs that may 
have potential application as therapeutic agents to 
prevent or limit amyloid accumulation in AD and in 
the normal aging human brain. At present, there 
are no reported examples of transfected cells or 
transgenic mice carrying an overabundance of the AD 
amyloid gene. 

The transfected cells and transgenic mice of 
the invention are designed to produce a cellular 
model for the overproduction of amyloid. The 
cells, which include neuronal, glial and other 
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types r can be- characterized with anti-amyloid 
monoclonal antibodies (mabs) as described in 
copending U.S. Patent Application 105,751, filed 
10/8/87, incorporated by reference herein in its 
entirety. Other characterization methods include 
in situ hybridization , molecular* and cellular 
procedures, and light and electron microscopic 
methods • 

The transfected cells and transgenic mice of 
the invention are useful for determining the extent 
to which the A4 or other amyloid precursor domains 
accumulate, and possibly precipitate, either 
intracellularly or extracellularly* 

The effects of excessive amyloid synthesis on 
cell survival may also be examined. For example, 
the transfected cell lines may be extensively 
examined at the levels of transcription, transla- 
tion and SNA metabolism. The cells may be sub- 
jected to biological agents that affect the 
intracellular turnover of amyloid. The extent to 
which transfected cells resemble or differ from 
amyloid producing cells of the AD brain may- be 
assessed. This may be done by assessing amyloid 
production in the AD brain by immunologic and in 
situ hybridization methods (30, 34, 49). 

Thus, development of a successful cellular 
model for amyloid overproduction makes possible 
experimental manipulations * aimed at preventing 
amyloid synthesis and/or promoting its degradation. 

As with transfected cells, the mouse model 
provides a new and invaluable medium with which to 
explore the molecular pathogenesis of amyloidosis 
relevant to AD and to serve as an animal assay 
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system to screen potentially therapeutic agents. 
The latter include drugs that prevent or limit the 
overproduction of amyloid in the mammalian brain, 
or which increase the degradation of amyloid. 

It is to be emphasized that the preparation of 
cell or animal models that overexpress the amyloid 
precursor are intended as experimental tools to 
gain insight into the synthesis and metabolism of 
amyloid that may have relevance to the over- 
accumulation of amyloid in the AD brain. These 
models do not depend for their significance on 
whether or not the amyloid gene is or is not 
duplicated in AD. The transfected cells and trans- 
genetic mice of the invention are not intended to 
test various hypotheses, but rather, to serve as 
biological models that allows evaluation and 
modifications of amyloid overproduction in defined 
cells and neural tissues. 

By means of transfected cells and transgenic 
mice, a means to determine whether or not over- 
production of amyloid intracellularly is sufficient 
to cause deposition at intracellular or extra- 
cellular sites is provided. In addition, a means 
to determine the consequences of this process for 
normal cellular metabolism is also provided. 

DESCRIPTI ON OF THE FIGURES 

Fiqyire 1 shows the Eco RI digestion products 
of lambda gt 11* cDNAs containing A4-amyloid inserts 
that corresponded to fetal A4-amyloid (9). The 
bands were resolved on a 1*2* agarose-ethidium 
bromide gel. Lanes A-E are representative of most 
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inserts obtained; lane F contains the amy37 insert 
which yielded large and small fragments of the 
indicated kb sizes. 

Figure 2 shows the sequence analysis strategy 
for the amy 3 7 insert . The fragment of 1564 base 
pairs were digested with Eco HI and Rsa I and the 
resulting subfragments were analyzed as described 
in the Materials and Methods , 

Figure 3 shows the sequence of amy 3 7 cDNA. 
Shown is the nucleotide structure with the corres- 
ponding amino acids. The nucleotide positions are 
indicated at the right and the amino acid positions 
are shown in parentheses at the left; the numbering 
scheme was suggested in reference 9. The A4 
amyloid protein sequence (9) is underlined. An 
asterisk indicates the termination codon and is 
followed by the 3 ' -non-coding sequence. 

Figure 4 shows Northern blots of control and 
AD mRNAs identified with the amy37 probe. Twice 
purified poly (A+) RNA wa£ subjected to electro- 
phoresis on a formaldehyde-agarose gel and hybrid- 
ized with the nick-translated amy37 probe. 

Lane A contains size markers (in kb) . Lanes 
B-H contain poly(A+) RNA from the following cases 
identified in terms of diagnosis (A for Alzheimer 
and C for control), age and postmortem interval: 
(B) A77, 10hr; (C) C73, 13 hr; (D) A67, 2.5 hr; (E) 
C57, 13 hr. ; (F) A65, 3.75 hr; (G) C73X, 10.5 hr; 
(H) C91, 18 hr. 

Figure 5 shows an endonuclease restriction map 
of brain amyloid cDNA. 

Figure 6 shows the construction and screening 
of an AD amyloid-specific cDNA library from 
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alzheimer brain A77 mRNA to isolate the 5* end of 
mRNA. 

(a) Autoradiograph of synthesized cDNA. 
Synthesis was carried out using primer Pi, ?2 and 
P3, described in the text, using A77 mRNA as the 
template. The resulting transcripts were sized on 
a 1,4% agarose gel. The figure shows the auto- 
radiographic patterns of the synthesized, products 
in order to demonstrate the size of the tran- 
scripts. The latter were estimated to be at least 
1.5 kb in length. The first lane (M) contains size 
markers , 

(b) Ethidium bromide stained gel of 
various inserts from recombinant phage after 
digestion with Eco- RI. Minilysates were prepared 
from recombinant phage that had been selected with 
the EcoRI-Pst I probe (nucleotides 1293-1434) 
described in the text. On the stained gel, the 
insert sizes were obscured by the low molecular 
weight RNAs that masked them. Therefore, the 
Southern blot shown in panel C was utilized for 
this purpose. 

(c) Autoradiograph of Southern hybrid- 
ization analysis. The DNA resolved on the gel of 
panel B was transferred to a nitrocellulose 
membrane and subjected to Southern blot analysis 
using an amy-37 insert (the previously described 
EcoRI-Eco RI fragment of approximately 500 b.p. 
spanning nucleotides 1293-1975) that was prepared 
after transcription from a PGEM clone to obtain a 
riboprobe labeled with alpha ( 32 P)UTP„ The second 
lane contains the amy-xl4 insert that was estimated 
to be approximately 1.1 to 1.5 kb. 
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Flexures 7A and 7S depict the schemes used for 
generating various expression vectors for trans- 
fecting cells and for transgenic mouse experiments. 
The unique Eco HI sites in Min (2A) and Moh (2£) 
vectors are used to insert the Eco HI fragments of 
the A4 (0-amyloid) cDNA from the A4 peptide coding 
domain, the precursor domain, and the C-terminal 
end domain. The unique Eco HI site is converted to 
a Sac II site; the resulting vehicle is used to 
clone the complete cDNA with heterologous SV40 (Mas 
vectors, 2h) or JC (Ameer vectors, 2£) viral 
control regions. The Mas vectors are used for the 
same purpose. All the described vectors are used 
to prepare transfected cells and transgenic mice. 

Figure 8 depicts a comparison of the DNA 
sequences of the indicated vectors from the unique 
Hind III site beyond the unique cloning site (C.S.) 
indicated by black triangles . In the upper panel 
of Fig. 8, the authentic SV40 coded amino acids are 
written in small letters starting with the initia- 
tion methionine of the SV40 T/t antigens; amino 
acids written in capital letters represent amino 
acids coded by the synthetic Eco RI linker followed 
by vector sequences. An open triangle locates a 6 
bp deletion in Min 2. The lower panel of Fig. 8 
shows the sequences of the Sac II site that was 
introduced into Min vectors to produce the Mas 
vectors l f 2 and 3. The cloning sites and base 
pair deletion site are indicated. In other 
studies, additional sequence analysis data was 
obtained in the vicinity of the Xba I sites in the 
aforementioned vectors which show that the Xba I 
regions remain unmodified as expected. In Moh and 
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Ameer vectors , the unique Hind III site is destroy- 
ed and the JC virus Nco I segment is inserted (see 
Fig* 7). The sequences around the Eco RI site in 
Moh and the Sac II site in Ameer are the same as in 
Min and Has vectors, respectively. 

Figure 9 . The indicated cells were trans- 
fected with the Min 2 vector, which was linked to 
the l.i kb amy 37 insert containing the A4 region, 
and were cotransfected with pKOneo (for Genaticin 
resistance) and pSV 2 CAT (for the transfection 
assay) . The cells shown survived in the G418 media 
indicating successful transfection. Too panel : 
PC12 cells. Middle Panel : C6 cells. Lower Panel : 
Cos A2 cells. 

DETAILED DISCUSSION OF THE INVENTION 

Pef iTUti,Qn? 

To aid in the understanding of the specifica- 
tion and claims, including* the scope to be given 
such terms, the following' definitions are provided. 

Gene . A DNA sequence which encodes through 
its template or messenger KNA a sequence of amino 
acids characteristic of a specific peptide. 

The term cDNA includes genes from which the 
intervening sequences have been removed . By the 
term recombinant DNA is meant a molecule that has 
been recombined by in vitro splicing cDNA or 
genomic DNA sequence. 

Cloning Vehicle . A plasmid or phage DNA or 
other DNA sequence which is able to replicate in a 
host cell. The cloning vehicle is characterized by 
one or .a small number of endonuclease recognition 
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sites at which such DNA sequences may be cut in a 
determinable fashion without loss of an essential 
biological function of the DNA, which may contain a 
marker suitable for use in the identification of 
transformed cells. Markers, for example, are 
tetracycline resistance or ampiciliin resistance. 
The word "vector" is sometimes used for cloning 
vehicle. 

Express i on Veh i cle . A vehicle similar to a-, 
cloning vehicle but which is capable of expressing 
a given structural gene in a host, normally under 
control of certain control sequences. 

Expression Control Secruence . A sequence of 
nucleotides that controls or regulates expression 
of structural genes when operably linked to those 
genes. They include the lac systems , the $yp 
system, major operator and promoter regions of 
phage lambda, the control region of fd coat protein 
and other sequences known to control the expression 
of genes in prokaryotic or feukaryotic cells. 

Operator . A DNA sequence capable of interact- 
ing with the specific repressor, thereby control- 
ling the transcription of adjacent gene(s). 

Promoter . A DNA sequence in which RNA 
polymerase binds and initiates transcription of an 
adjacent gene(s). 

Host . The term "host" is meant to include not 
only prokaryotes, but also such eukaryotes as 
yeasts, filamentous fungi, as well as plant and 
animal cells. 

Prokarvote . The term H prokaryote" is meant to 
include all organisms without a true nucleus, 
including bacteria. 
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AD-Amvloid . This terra is meant to include 
polypeptides which are derived from the amyloid of 
AD brain* 

A4 -Amyloid * This tern is meant to include an 
A4 -amyloid polypeptide from any species, especially 
from AD human, brain (8 f 9)* The term is also used 
in this invention to include any analogue, homo- 
logue, mutant- or derivative of a naturally occur- 
ring A4-amyloid. The term is also meant to include 
fragments having less than the naturally occurring 
number of amino acids, such as partial fragments of 
natural A4-amyloid which retain the biological or 
immunological characteristics of the polypeptide 
specifically disclosed in this application. The 
term is also used to include any product which 
comprises the sequence of a naturally occurring A4- 
amyloid or analogue thereof, together with one or 
more flanking amino acids, which still have the 
same immunologic characteristics. 

Products and Processes 

The invention comprises the genetic sequences 
encoding AD-amyloid, vehicles containing the 
genetic sequence, hosts transformed therewith, AD- 
. amyloid production by transformed host expression, 
and utilization of AD-amyloid in diagnosis or in 
therapeutic utilizations. 

The DNA sequence coding for AD-amyloid may be 
derived from a variety of sources, but, in this 
invention, most particularly from AD brain tissues. 
Postmortem RNA isolation procedures can be followed 
(12). For example, mRNA encoded for AD-amyloid may 
be isolated. The mRNA may then be converted to 
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cDNA by techniques known to those skilled in the 
ar t. Probes may be synthesized based on the known 
amino acid sequence of A4 -amyloid peptide. 

' An AD DNA sequence encoding A4 -amyloid may be 
recombined with vector DNA in accordance with 
conventional techniques, including blunt-ended or 
stagger-ended termini for ligation, restriction 
enzyme digestion to provide appropriate termini, 
filling in of cohesive ends as appropriate, 
alkaline phosphatase treatment to avoid undesirable 
joining, and ligation with appropriate ligases. 

To express AD-amyloid, transcriptional and 
translational signals recognized by an appropriate 
host element are necessary- Eukaryotic hosts may 
be mammalian cells capable of culture jn vjtro , 
particularly leukocytes, more particularly myeloma 
cells or other transformed or oncogenic lympho- 
cytes, e.g., EBV-transformed cells. Alternatively, 
non-mammalian cells may be employed, such as 
bacteria, fungi, e.g., yeast, filamentous fungi, or 
the like. 

Possible hosts for AD-amyloid production are 
mammalian cells, grown in vitro in tissue culture 
or in vivo in animals. Mammalian cells may provide 
post-translational modifications to AD-amyloid 
molecules including correct folding of glyco- 
sylation of the correct sites. Mammalian cells 
which may be useful as hosts include cells of 
fibroblast origin such as VERO or CHO-K1, or cells 
of lymphoid origin, such as the hybridoma SP2/0- 
AG14 or the myeloma P3x63Sgh, and their deriva- 
tives. Usually the AD-amyloid construct will be 
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part of a vector having a replication system 
recognized by the host cell. 

In one embodiment, a prokaryotic cell is 
transformed by a plasmid carrying the- AD-amyloid 
encoded gene. Bacterial hosts of particular 
interest include E. coli K12 strain 294 (ATCC 
31446) , S. coli X1776 (ATCC 31537) , S. coli W3110 
{?", lambda", prototropic {ATCC 27325)), and other 
enterobacteriaceaes such as Salmonella tvuhimurium 
or Serratia marcescens , and various Pseudomona 
species. Under such conditions, the AD-amyloid 
will not be glycosylated. The prokaryotic host 
must be compatible with the replicon and control 
sequences in the expression plasmid. 

In general , such vectors * containing replicon 
and control sequences which are derived from 
species compatible with a host cell, are used in 
connection with the host. The vector ordinarily 
carries a replicon site, as well- as specific genes 
which are capable of providing phenotypic selection 
in transformed cells. The expression of the AD- 
amyloid encoded DNA can also be placed under 
control of other regulatory sequences which may be 
homologous to the organism in its untransformed 
state. For example, lactose-dependent E. coli 
chromosomal DNA comprises a lactose or lac operon 
which mediates lactose utilization by elaborating 
the enzyme £-galactosidase„ The lac control 
elements may be obtained from bacteriophage lambda 
placS, which is infective for E, coli . The lac 
promoter-operator system can be induced by IPTG. 

Other promoter/ operator systems or portions 
thereof can be employed as well. For example, 
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colicin El, galactose; alkaline phosphatase, 
tryptophan, xylose, tax, and the like can be used. 

For a mammalian host, several possible vector 
systems are available for expression. One class of 
vectors irtilize DNA elements which, provide auto- 
nomously replicating extra-chromosomal plasmids, 
derived' from animal viruses such * as bovine -papil- 
loma, virus, polyoma virus, adenovirus , or SV40 
virus. A second class of vectors relies upon the 
integration of the desired gene sequences into the 
host chromosome. Cells which have stably inte- 
grated the introduced DNA into their chromosomes 
may be selected by also introducing one or markers 
which allow selection of host cells which contain 
the expression vector. The marker may provide for 
prototropy to an auxotrophic host, biocide resis- 
tance, e.g., antibiotics, or heavy metals, such as 
copper or the like. The selectable marker gene can 
either be directly linked to the DNA sequences to 
be expressed, or introduced into the same cell by 
co-transformation. Additional elements may also be 
needed for optimal synthesis of mRNA. These 
elements may include splice signals, as well as 
transcription promoters, enhancers, and termination 
signals. The cDNA expression vectors incorporating 
such elements include those described by Okayama, 
H., Mol. Cel. Biol. 3:280 (1983), and others. 

A wide variety of transcriptional and transla- 
tional regulatory sequences may be employed, 
depending on the nature of the host. The tran- 
scriptional and translational signals may be 
derived from viral sources, such as adenovirus, 
bovine papilloma virus, simian virus, or the like, 
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where -the regulatory signals are associated with a 
particular gene which has a- high level of expres- 
sion- Alternatively, promoters from mammalian 
expression products, such as- actin,- collagen, 
myosin, etc, may he employed* Transcriptional 
initiation signals may also he selected which allow 
for repression or activation, so 'that expression of 
the genes may be modulated • Of interest are 
regulatory signals which are temperature-sensitive 
so that by varying the temperature, expression can 
be repressed or initiated, or are subject to 
chemical regulation, e.g., metabolite. 

Once the vector or DNA sequence containing the 
constructs has been prepared for expression, the 
DNA constructs may be introduced to an appropriate 
host. Various techniques may be employed , such as 
protoplast fusion, calcium phosphate precipitation, 
electroporation or other conventional techniques. 
After the fusion, the cells are grown in media and 
screened for appropriate activities. Expression of 
the gene(s) results in production of the AD- 
amyloid. 

The host cells for AD-amyloid production may 
also be immortalized cells, primarily myeloma or 
lymphoma cells. These cells may be grown in an 
appropriate nutrient medium in culture flasks or 
injected into a synergistic host, e*g. , mouse or 
rat, or immunodeficient host or host site, e.g., 
nude mouse or hamster pouch. 

The AD-amyloid of the invention may be 
isolated and purified in accordance with conven- 
tional conditions, such as extraction, precipita- 
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tion, chromatography, affinity chromatography, 
electrophoresis, or the like. 



One application of the cDNA coding for AD- 
amyloid is for the diagnosis of Alzheimer's 



unlikely to be located in or near the amyloid gene 
(31, 32)* Tanzi et al. (31) have suggested that 
the disorder is either caused by altered expression 
of a second independent gene on chromosome 21, that 
may be overexpressed along with the amyloid gene, 
or by a long range effect of the defect on the 
expression of the -amyloid gene. The . latter could 
arise from a structural abnormality on chromosome 
21 causing overexpression of the amyloid gene 
either by promoting mitotic nondisjunction leading 
to somatic cells trisomic for this autosome, or by 
duplication of a large region of the chromosome 
containing the ' amyloid gene. One possibility ^ is 
that the mutation underlying AD may directly alter 
the expression of the amyloid gene due to a distant 
cis-acting element (31). Thus, although difficult 
to prove at the DNA level, overexpression of the 
amyloid gene may, in some cases, be detectable. In 
these instances, the* amyloid gene of the invention 
or portions thereof" can be labeled and used as 
probes to develop a test and kit for diagnostic 
screening. 

Another application is the development of cell 
lines that express the amyloid gene. The value of 
such cell lines is that they can be used to screen 
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disease. 



.The defect causing familial AD 
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drugs that, are potentially useful for treating 
Alzheimer's disease by stopping the production of 
amyloid. The- latter is assayed by the use of 
monoclonal antibodies. The single most serious 
obstacle to developing suitable anti-Alzheimer 
drugs has. been the lack of a suitable biological 
assay system-. The establishment of the cell, lines 
will provide one remedy for the problem* 

The availability of transfected. cells and 
transgenic mice carrying an overabundance of the 
amyloid gene may ultimately serve as the most 
useful models for the increased deposition of 
amyloid in the AD brain. One can use the over- 
production of a normal gene ' product, or its 
synthesis in an unusual cell type, by attaching the 
mRNA-encoding portion of the gene (cDNA) to novel 
regulatory sequences (53). Cloned genes that have 
been introduced into the mouse germ line show 
appropriate tissue-specific and stage specific 
patterns of expression (53)', despite their integra- 
tion into apparently random sites in the host 
genome. Indeed, there is precedent for using the 
transgenic mouse model to introduce new genes into 
the mammalian brain and to obtain expression of the 
genetic product (59) • These approaches provide new 
experimental strategies for answering basic 
questions in many areas of mammalian biology and 
allow the production -of animal models of human 
disease. Most specifically, the cells and mice may 
be the ideal vehicles for evaluating drugs that 
prevent, or limit the production of amyloid or 
which increase the degradation of amyloid in vivo . 
Particularly with respect to neural tissues, the 
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described inventions may be exemplary with regard 
to elucidating ' previously unknown aspects of the 
molecular pathogenesis of AD. 

EXAMPLE 1 The Cloning of Amvloid cDNA 

A. MATERIALS AND METHODS 
1. Brain Tissues 

Postmortem cortical brain tissues were 
obtained from the Geriatric Psychiatry Evaluation 
Clinic at the Massachusetts General Hospital. AD 
case I was a 67-year-old male (referred to as A67) 
with a three- to- four-year history of progressive 
dementia. The clinical diagnosis of Alzheimer's 
disease was made after neurological, psychiatric, 
and neuropsychological evaluations. The neuro- 
pathological examination was made after a post- 
mortem interval of 2.5 hours and revealed abundant 
senile plaques and moderate numbers of neurofibril- 
lary tangles in the neocortex with similar changes 
in the hippocampus and amygdala. 

Case II was a 77-year-old male " (referred to as 
A77) with a' nine-year history of progressive 
dementia diagnosed on the same basis as Case I. 
Abundant neuritic plaques and moderate neurofibril- 
lary tangles were observed throughout the cerebral 
cortex with similar hippocampal changes. The 
neuropathological diagnosis was made after ^ a 
postmortem interval of 4.25 hours. 
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RNA preparations used for Northern blots were 
obtained from the above source and from the McLean 
Hospital Brain Tissue Resource Center. 

2* Preparation of RNA 

RNA was prepared from cortex as described in 
reference 12 with the following modifications: 

(a) frozen tissue was cut on dry ics onto 0.3 g 
pieces and homogenized in 4*5 volumes of guanidium 
thiocyanate buffer containing 0,3% antifoam; 

(b) CsCl was added to the homogenate to a final 
concentration of 0,15 g/ml; and (c) N-lauryl 
sarcosine was added to the final concentration of 
0.04 g/mi in place of SDS. Poly(A+) RNA was 
obtained after two purification steps using oligo 
(dT) cellulose, heat, and denaturing buffers f as 
described (12) . 

3 * Preparation and Screening of Recombinant 
cDNA Libraries 

Two different lambda-gtll recombinant cDNA li- 
braries were prepared separately from A67 and A77 
postmortem brain poly(A+) RNAs by the general 
methods previously described (13, 14). After 
propagation, the A67 library contained 0.5 x 10 6 
plaques (18% clear),. Immunologic screening of the 
library was conducted (14) to identify the p- 
galactosidase-AD-amyloid chimera protein using a 
mixture of monoclonal antibodies (Mabs) made to a 
synthetic 28-amino-acid polypeptide with the amino 
acid sequence reported for a plaque amyloid 
polypeptide referred to as A4 (8). The preparation 
and characterization of the Mabs are described in 
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copending U.S. Serial. No. 105,751, filed October 8, 
1987, and herein incorporated by reference in its 
entirety * 

• Positive plaques were isolated after repeated 
plating. Simultaneously, screening was also 
carried out using a mixture of three synthetic 
oligonucleotides corresponding to the A4 -amyloid 
polypeptide sequence- (8) as predicted from codon 
usage: AC ( A/G) TC (C/T) TCNGC (A/G) AA (A/G) AA, 

TG (A/G) TG ( A/G ) TGNAC (C/T) TC (A/G) TA , CCCACGTCC- 
TCGGCGAAGAACACCAGCTTCTGGTGGTGCACCTCATA. 

After replating, several clones were obtained. 
One of them, amylO, had an insert of approximately 
200 nucleotides that was positive with both the 
antibody and the oligonucleotide probes. The amylO 
insert was subcloned into the pGEM plasmid and 
partial nucleotide sequences were derived (15) . 
The sequenced molecule demonstrated a region that 
matched predicted codons of the A4 fetal amyloid 
amino acids and included nucleotides 1794-1878 (9). 
The insert as well as a synthetic oligonucleotide 
based upon the amylO partial sequence data was syn- 
thesized and utilized for screening purposes. A 
second, and more efficient, cDNA library was 
prepared from A77 poly(A+) RNA. The amplified 
library contained 5 x 10 € plaques (50% clear) with 
inserts sizes of 0.3-2.5 kb. Forty positive clones 
were identified, thirty of which had inserts of at 
least 1.0 Icb and two with inserts of 1*5 kb or 
larger. One of these, amy37^ was subjected to 
further analysis. The clone amy37 has been 
deposited before the filing date of the present 
application at the American Type Culture Collec- 
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tion, Rockville Maryland, under the. terms of the 
Budapest. Treaty and given accession number 4 0371.. 

4 - Characterization of the Amv37 Recombinant 
Restriction snzymology of the recombinant 
phage. DNA vas carried out using 2co RI restriction 
endonuclease- and inserts were sized by resolving on 
1-2% agarose gels. The amy37* insert was further 
subcloned into PGEM vectors and sequenced directly 
using the chemical modification method (15) . Amy37 
yielded two inserts of approximately l.i and 0,5 Xb 
in length that were, in addition, subcloned in the 
Eco RI site of the M13mp8 vector. The 1.1 kb 
insert was further digested with Rsa I and sub- 
cloned into the Hind II site of M13mp8. Single- 
stranded DNA prepared from the M13 phages (16) was 
sequenced by the chain termination method (17) 
using ( 35 S)-dATP and a buffer gradient gel (18). 
The data were analyzed with a computer program 
(19). 

5. RNA Blot Hybridization 

Poly(A.+) RNA was twice purified using heat and 
detergent denaturation steps on oligo(dT) cellulose 
(12) . Samples of 5 tig per slot were resolved on 
agarose/f ormaldehyde gels (20) , transferred to 
nitrocellulose membranes, and hybridized. Hybrid- 
ization was carried out with the amy37 cDNA insert 
after it was radiolabeled (21) and digested with 
Eco RI, Pvu II, and Sac I restriction endonucleases 
to yield probes with an average length of 300 
nucleotides. In subsequent experiments, amy37 cDNA 
was digested with Eco RI restriction endonuclease, 
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subcloned into PGEM vectors, and transcribed in 
vitro in the presence of a-( 32 ?)-UTP to obtain 
riboprobes (22)- The latter, were used for hybrid- 
ization where indicated. In some studies, the GFA? 
insert. GS5-lI f was labeled (21)* and used for 
hybridization* 

B- RESULTS 

1- Identific ation of amv37: An aD-amvloid 



The lambda-gtll cDNA library prepared from 
Alzheimer case A77 poly(A+) RNA yielded 40 positive 
recombinant clones after low-density screening. 
The DNA was isolated from the recombinant phage 
particles, digested with Eco RI endonuclease, and 
resolved on a 1.2% agarose-ethidium bromide gel 
(Figure 1) . Clone amy37 (Figure 1, lane f ) had a 
cDNA- insert consisting of two Eco RI fragments of 
approximately 1.1 and 0.5 kb derived from the total 
insert due to an internal Eco RI site (Figures 1 
and 2). The size of the full-lfength amyloid 
precursor cDNA isolated from fresh fetal brain was 
reported to be 3,2-3*4 kb (9). Thus, the post- 
mortem poly(A+) RNA yielded at least one insert 
that represented approximately half the length of 
the fetal precursor molecule. 

The cloned insert was subjected to sequence 
analysis as described in Materials and Methods and 
summarized in Figure 2. The derived sequence 
(Figure 3) matches exactly the corresponding region 
of the precursor amyloid cDNA sequence derived from 
the fetal human brain (9) . The region encoded by 
amy37 begins in the translated region at amino acid 



insert . 
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431 (using the numbering scheme suggested in 
reference (9) and includes the A4 amyloid region, 
consisting ox 42 cr 43 amino acids, that is 
deposited in the AD brain (9) (underlined in Figure 
3), and 771 nucleotides of the 3 1 -non-coding 
segment. 

2.. Northern Blot A nalyses And Size Estimates 
of AD Am yloid mRNA 

Northern blot analyses were carried out to 
compare the amyloid mRNA from control and AD cases. 
Purified poly(A+) RNA was obtained from control and 
AD cortices of various ages and postmortem inter- 
vals. In all cases a band that spanned the 3,2-3.4 
kb range was observed (Figure 4), 

These data establish that the starting mRNA 
contained the full-length mRNA of AD amyloid. 
Portions of these data have been published (67), 

3 - Approac h for rfakina Full-Length AD 
Amyloid cDNA. From AD Brain mRNA 

As mentioned earlier, the completely analyzed 

cDNA clone amy 37 is 1564 nucleotides long (Fig. 

3). A portion of it codes for the A4 amyloid 

peptide sequence. Figure 4 depicts the detailed 

restriction endonuclease map that includes the amy 

37 in addition to flanking restriction enzyme sites 

deduced from the fetal amyloid cDNA (9) . For the 

purpose of synthesizing the full-length AD-specific 

amyloid cDNA, a special amyloid mRNA-specific cDNA 

library was prepared using three different primers 

for the first strand synthesis. 
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Primer one (PI) was a synthetic oligonucleo- 
tide that corresponds to nucleotide nos. 1795-1833 
of amy 37 from the noncoding strand (see Fig- 3), 
The other two primers that were used (P2 and P3) 
were two short restriction endonuclease fragments 
generated from amy 37 DNA. Since only three out of 
approximately 40 recombinants had insert sizes of 
1054 b or longer, and in 25 of these molecules the 
synthesis stopped approximately around nucleotide 
1795, the presence of a strong secondary structure 
in this domain was suspected. To overcome this 
problem, two approaches were taken: (a) use of 
methyl mercury hydroxide during the cDNA synthesis 
(28) and {b} choosing short restriction endo- 
nuclease fragments from the region upstream to 
nucleotide 1795 from amy 37 to be used as primer 
for synthesis of cDNA on AD amyloid-specific mRNAs. 
The two primers were as follows: PI was a 69 base 
pair long Haelll-Haelll fragment extending from 
nucleotides 1438-1509 (FigJ 3); P2 was a 288 base 
pair long Haelll-EcoRI fragment extending from 
nucleotides 1507-1795 (Fig. 3). The fragments are 
indicated schematically in Figure 5. 

The first strand cDNA synthesis was conducted 
using A77 AD mRNA that had been twice purified 
through oligo(dT) cellulose, as the template. One 
of the primers was used in each of three indepen- 
dent reactions as described earlier. The RNA was 
treated with methyl mercury hydroxide at a con- 
centration of 8 mM for 10 minutes at room tempera- 
ture and then diluted to 2 mM final concentration. 
After pooling the single stranded cDNAs synthesized 
as described (29), a special repair synthesis was 
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thus constructed to produce an amyloid specific 
cDNA library. A lawn of E. coli was transf acted 
vith recombinant cDNA molecules at a density of 
3000 pfu/150 sua plate and transferred to cellulose 
nitrate membrane filters as described earlier In 
this application- Screening of this library was 
conducted using a probe again isolated from amy 37 
DNA. The short probe was a nick- translated EcoRI- 
Fstl restriction endonuclease fragment from ajny 37 
cDNA harboring nucleotides 1293-1434 (Figs, 3,. 5). 
This probe will allow selection of inserts beyond 
the suspected site of secondary structure. 

Figure 6 depicts the sizes of cDNA synthesized 
using this approach. We estimated the size of the 
transcript needed to reach the 5' end (or at 'least 
the AUG initiation codon) at around 1.5 kb. ' Our 
cDNA lengths sized on the gels fall into • this 
category. Eleven recombinants were randomly picked 
which were positive with the short probe -after 
growth on E. coli . The phage DNA was then* iso- 
lated. The DNA was subjected to EcoRI restriction 
endonuclease analysis to size the inserts and to 
choose the longest recombinant to finish the repair 
synthesis and for further characterization by 
sequence analysis. One of the inserts, amy^xl4, 
had an insert of approximately 1*1 to 1.5 kb (see 
Fig. 6) . If the 5« end is not reached, as will be 
indicated by sequence analysis, then the described 
procedures will be repeated using appropriate 
segments of amyxl4 as a primer* The amy-xl4 clone 
has been deposited before the filing date of the 
present application at the American Type Culture 
Collection, Rockville, Maryland, under the terms of 
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the Budapest Treaty and given accession number 
40370. 

4 Construction of a Pull -Length AD Amvloid 
cDNA from Recombinant Amy- 3 7 and Amv-xl4 
and Additional Inserts. 

The repair and joining of the two clones, amy- 
37 and amy-xl4 is conducted to produce a full- 
length AD amyloid cDNA clone as soon as the 
nucleotide sequence of the ajny-xl4 at the 3' end is 
completed* If necessary, this molecule will then 
he joined to another insert that completely covers 
the 5 1 end of the 'amyloid mHNA. If the 3 1 terminus 
of amy-xl4 harbors the Haelll to EcoRI fragment as 
a primer, then the unique SacI site (Fig. 5) is 
utilized to join the long EcoRI-SacI fragment of 
amy-xl4 to the Sacl-Hindlll unique fragment of amy- 
37 cDNA. If the 3' end of amy-xl4 starts at the 
short Haelll-Haelll fragment, then the BamHI 
approach, described below, is adapted* 

The unique BamHI -Hindlll fragment of amy-37 is 
isolated. Similarly, the unique BamHI-BamHI amy- 
xl4 fragment is isolated. The two fragments are 
ligated together at the BamHI site and molecules 
with head to tail orientation are isolated using 
the KPN I and Bal I digestion patterns* The 
molecules with the head to tail orientation are 
Klenow repaired to destroy the terminal BamHI and 
Hindlll restriction sites and selected linkers may 
be added* The cDNA insert is then inserted into 
vectors for cellular transfection and mouse 
transgenic experiments. 
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C. DISCUSSION 

Poly (A+) SNA is retained, by AD postmortem 
brains in amounts that are sufficient for function- 
al studies and molecular cloning. (12, 24, 25). 
Northern blot analyses were carried out to. compare 
the AD- amyloid mRNA vith controls, and then a 
second mRNA was utilized for further comparisons 
(see below) . The AD cortex contains a doublet at 
3*2 and 3.4 kb that is recognized by the amyloid 
probe* Of three RNA preparations from convention- 
ally obtained AD cases, only one was partly 
degraded with respect to the full-length mRNA; 
controls had predominantly intact mRNA. The 
Northern blots indicated that the levels of AD 
cortical amyloid mRNA were not typically higher 
than in controls. 

Since cortical neurons are now known to be a 

rich source of amyloid mRNA (30) f the Northern blot 

» 

results obtained with the amy 3 7 probe were con- 
trasted to those using a glial-specif ic probe (data 
not shown). Human GFAP probe GSS-11, cloned from 
the A67 cDNA library, corresponds to the coiled- 
coil a-helical region of the proposed structure for 
intermediate filaments. No consistent relationship 
between GFAP and amyloid mRNAs with regard to 
levels or stability was observed. At the very 
least the results indicate that variations in these 
parameters were not exclusively related to random 
losses associated with premortem or postmortem 
conditions, or preparative and analytical proce- 
dures. 



z 
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With regard to the low molecular weight 
species detected by - the amy37 probe, it is not 
immediately apparent that they represent RNAs other 
than degradation products. However, it has been 
proposed (26) that inappropriate initiation may 
occur at methionine 596 , which immediately precedes 
the A4-polypeptide sequence* This formulation is- 
based upon the studies of Kozak (27) who described 
an optimal sequence for the initiation site of 
translation by eukaryotic ribosomes as ACCATGG; the 
latter has key features that maximize activity (the 
initial A and the terminal G) in common with the 
nucleotide sequence corresponding to methionine 596 
(AAGATGG) . Whether internal initiation is possible 
with regard to the amyloid precursor mRNA, and/or 
whether the cross-hybridizing species we observed 
on Northern blots can initiate translation, are 
currently unknown but merit consideration* The 
levels of the cross-hybridizing bands varied among 
the different control and AO samples. 

The AD brain is rich in ribonucleases and a 
combination of transcriptional and degradative 
factors have been implicated in lowering RNA levels 
(13). However, the presence of partly degraded RNA 
in some postmortem preparations may.be unrelated to 
the usual metabolic pathway for RNA turnover. 
Further, the present studies do not support the 
view that using only a small number of probes is 
sufficient to assess the overall intactness of 
postmortem brain RNA preparations. This is 
exemplified by comparison of Northern blots using 
amy37, which revealed apparent degradation pro- 
ducts, to those of a GFAP probe, which consistently 
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demonstrated intact glial inKNA. The . results 
indicate that limited Northern blot data are not 
amenable to generalized conclusions. The observed 
results may reflect differences in mRNA-specific 
stability, differences in the susceptibility to 
degradation of neuronal versus glial RNA in 
neuropathologic states or as a result of postmortem 
processes, or a combination of these factors- 

The sequence of the amy37 insert derived from 
the AD brain contains 1564 nucleotides which 
exactly match 75% of the coding region, and 
approximately 70% of the 3 '-non-coding region of 
the corresponding fetal brain sequence (9) . The 
present results indicate that nearly one-half the 
AD precursor is identical to the fetal molecule 
including the region that is associated with senile 
plaque cores ; this protein segment begins at amino 
acid 597 and extends for 42 or 43 amino acids (9). 

EXAMPLE 2 Preparation of Transfected Eukarvo- 

tic Cells 

A - Cell Lines 

Neuronal, glial and other cell lines are used. 
These include CosA2, a monkey kidney cell line that 
has been successfully transformed by SV40 virus 
(44) • The CosA2 cell line is capable of producing 
low levels of the SV40 T antigen which is needed 
both for efficient early promotor . function as well 
as replication ♦ Although the early SV40 promotor 
has been shown to function in a variety of systems, 
CosA2 is selected as an appropriate positive 
control. Kidney cells appear to express the 
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amyloid gene, as demonstrated by Northern blot 
criteria with a probe that included the A4 region 
(61) . HEP G2 is a human liver cell line which has 
been used to express Factor IX cDNA f the latter was 
cloned and. characterized. Two neuroblastoma, cell 
lines, SKNSH (35) and Lan I (57) are of confirmed 
neurogenic origin. Rat pheochromacytoma PC12 cells 
are used since they express neuron-specific marker 
(neurofilament proteins)" particularly in the 
presence of nerve growth factor (47, 41). The A172 
and XS683 cell lines are of confirmed glial origin 
(43, 52). In the report of Bahmanyar et al. (33) 
and Kang et al. (9) it was said that amyloid mRNA 
was detected in certain glial cells of brain. 

The above-mentioned cell lines were selected 
on the basis of preliminary data associated with 
the ease of transfection with foreign DNA, ease of 
growth, and their susceptibility to the antibiotic 
genaticin; these are usee} as selective genetic 
markers. In addition, the JC viral control element 
is used in some experiments to specifically 
establish AD amyloid cDNA expression in human brain 
cells. The JC virus, unlike SV40, has a very tight 
host, tissue, and cellular specificity (42). The 
virus seems to replicate in human brain. The host 
range specificity can be eliminated when direct DNA 
trans fections or microinjections are done, but the 
tissue and cellular specific expression appears to 
be highly dependent on the enhancer elements and 
tissue-specific factors. 

The decision to utilize co-transfection with 
selection for genaticin (G418) resistance was based 
upon the following considerations: (a) selection 
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for a biochemical marker preselects for cells 
competent: for the uptake of DNA (63) ; (b) the 
procedure removes from the population spontaneously 
transformed cells which have not incorporated DNA, 
for example, in some cells, like NIH 3T3 mouse 
fibroblasts, the mere physical presence of calcium- 
phosphate precipitated DNA- can induce morphologic- 
ally altered foci; (c) cells which incorporate a. 
selectable marker are likely to have incorporated 
an average of 3X10 3 kb from the coprecipitated DNA. 
A total of 10 3 G418 resistant colonies would likely 
have incorporated in total 3xl0 6 kb of coprecipi- 
tated DNA which is about a genome equivalent, 

B. Generation of Eukarvotic Cell Vectors Trans- 
fected With AD Amyloid cDNA Sequences 

The approach is to transfect various cell 
lines, e.g., neuronal, glial, kidney and liver with 
the amyloid cDNA using heterologous regulatory 
elements. 

For any gene expression to occur, the appro- 
priate gene expression control elements are needed. 
These are eukaryotic or prokaryotic, homologous or 
heterologous. Especially when one wishes to 
express eukaryotic cDNA copies of the eukaryotic 
genes in eukaryotic host systems, transcriptional 
and translational signals recognized by appropriate 
host elements are essential. 

At present, the homologous promotor and 
control elements for ^-amyloid gene expression have 
not been isolated and characterized. For the 
purpose of immediate investigations, the hetero- * 
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logous control regions derived from the SV40 and JC 
viruses are used. The decision to choose SV4 0 
regulatory elements vs. other viral control 
elements (e.g. , papilloma or retroviruses) is based 



control elements, are the best studied; (b) they 
have been used to express a variety of cDNAs in a 
wide variety of ceil lines; (c) our research, for 
over a decade, has involved a major portion of the 
original molecular biological studies of SV40 which 
involved characterizing and analyzing the viral 
genome and defining promoters, terminators, etc. 
(e.g. see: 50, 60 and 68). 

The SV4 0 based vectors, described below, were 
chosen to link with the amy37 cDNA insert. A very 
similar vector without the insert, pKO+neo, but 
harboring an antibiotic resistant gene for Geni- 
ticin, is used as a cotransfectant marker. The 
transfected cells are grown in a medium containing 
Geniticin. The transfected cells expressing the 
brain amyloid, and resistant to Geniticin, are 
cloned, characterized, propagated, and further 
developed into established cell lines according to 
Fasano, et al . (40) . 

The starting vector pKo + RIML is composed of 
PMI#2 (a derivative of pBR322 lacking sequences 
poisonous for monkey kidney cell replication) , the 
Lac UV 5 promotor of E. coli and SV40 sequences 
covering the enhancer, origin of replication, early 
promotor, small n t" antigen splice sites and 
polyadenylation sites (Fig. 7) . Figure 8 compares 
DNA sequences flanking the unique cloning sites of 
the described vectors. The modification of the 



upon the following considerations: 



(a) SV4 0 
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existing plasmid was done in such a way that the 3 
variant plasmids contained one of the 3 segments of 
SV40 sequences all starting at the Bgl I site but 
terminating at different positions within the SV40 
t/T coding region covering all 3 potential trans- 
lating* frames. The schematic diagram for* this 
construction is depicted- in Figure 7. 

The vectors are as follows: (a) Kin 1, 2 and 
3 vectors which read in the three frames starting 
from the SV4 0 T antigen; these can -be used for 
inserting cDNA cut with Eco HI (the amyloid 
precursor cDNA has internal Zco RI sites as shown 
by Kang et ah f (9) and Zain et ah , (65, 66). Of 
further importance is that the two Xba sites in the 
Min vectors separate the eukaryotic sequences from 
the prokaryotic regions. The Xba sequence is not 
present as an internal restriction site in AD 
amyloid cDNA) ; (b) Mas l, 2 and 3 vectors contain a 
unique Sac II site in lieu of the Eco RI cloning 
site for expressing the full length amyloid cDNA; 
(c) vectors with the JC virus control elements that 
may have preference for human brain cell transfec- 
tions, referred to as Moh 1, 2, 3 and Ameer 1, 2, 
3, are described subsequently. 

The SV40 enhancer, promotor and DNA replica- 
tion origin region are replaced with human JC virus 
control elements to produce the Moh and Ameer 
vectors (Fig. 7) « The JC virus causes Progressive 
Multifocal Leukoencephalopathy, a progressive 
demyelinating brain disease. The JC virus has a 
structure very similar to SV40 virus, but has a 
very tight host and tissue specificity range (42) . 
By transfecting the cells with the derived DNA, the 



WO 89/06689 



species barriers can be .eliminated, but the tissue- 
specific expression is highly dependent on the 
enhancer elements (69) • Therefore, the SV40 
enhancers, promotor, DNA' replication origin region 
of the Min. 1, 2, 3 and Mas 1, 2, 3 vectors are 
replaced to generate the new vectors i.e., the Moh 
and Ameer series.. All vectors are characterized by 
restriction enzyme analysis, sequence analysis 
(Fig. 8) and transxection competency. The diagram- 
matic schemes for such vector constructions is 
shown • in Figure 7 . 

The Min, Mas, Moh . and Ameer vectors are 
suitable for the transgenic mouse studies as well 
as the cellular transfection studies. Xba I 
digestion of the recombinants separates bacterial 
sequences, harmful to eukaryotic gene expression, 
from the AD amyloid gene, especially for micro- 
injection into mouse fertilized eggs. 

C. Cloning of the fl-amvloid (AA) peptide- encoding 
domain into expression vectors for tran sfec- 
tion experiments 

The insert from Amy37 DNA was isolated by 
digestion with the EcoRI restriction endonuclease; 
the resulting large 1.1 kb fragment (see Example 1) 
was subcloned into the Min 1, 2 and 3 vectors and 
used to transfect various cells in tissue culture. 
The cells were co-transfected with the Geniticin 
resistance gene and the CAT gene (see below) and 
surviving colonies were isolated. Shown in Fig. 9 
are surviving PC12, C6 and Cos A2 cells. 
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D. Initial transfection experiments 

W Establishment of optimal conditions for 
transf ection 

In general, DNA transf ections are carried out- 
using modifications of the- basic- technique of 
Graham & Van der Eb (46) . The cells are cotrans- 
fected with plasmids. carrying the CAT (chlor- 
amphenicol acetyl transferase) gene and' its 
expression product measured as a function, of 
transf ection* Typical CAT assays are shown in 
Table I. To improve the transf ection efficiency 
and establish the optimal transf ection protocol, 
various methods of transfection are used, e.g., 
using CaP0 4 or. DEAE dextran to precipitate the 
transf ecting DNA. The protocols are described 
below. In initial studies CosA2, HS683, A172 and 
HepG2 all gave satisfactory results using the CaP0 4 
method. CosA2 responded equally well to DEAE 
dextran precipitation. With SKNSH, some transfec- 
tion was observed. In addition, C 6 and PC12, two 
mouse cell lines, appear positive in initial 
transfection studies; 

Variations in each method, i.e., glycerol or 
chloroquine for shock treatment and sodium butyrate 
to enhance DNA incorporation or expression,, were 
also tested. Overall, chloroquine shock appears to 
be better than glycerol. The following parameters 
are taken into account prior to transfection 
experiments: (i) The. effects of differing amounts 
of sodium butyrate on different cell lines, and 
also differing amounts of chloroquine, and (ii) 
amounts of DNA needed to optimize transf ections. 
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(2) Analysis of transfected cells 

Transfection. efficiency was checked using the 
CAT assay (Table I)- Immunostaining of transfected 
cells using the mixture of A4 amyloid mabs (see 
copending application. Serial No* 105,751, filed 
10/8/87, incorporated by reference herein in its 
entirety) is done to check for overproduction of £ 
amyloid (A4) peptide. The results of immunostain- 
ing experiments are being confirmed by transfecting 
larger number of cells, isolating the proteins 
synthesized and detecting the A4 peptide by Western 
blot analysis using the mab antibodies mentioned 
above. As a measure of transcriptional capacity of 
the newly integrated gene, in situ hybridizations 
are carried out on transfected cells and control 
mock transfected cells using high specific activity 
Amy37 insert riboprobes (55, 66). These data are 
further confirmed by Northern blot analysis of the 
mHNA using amyloid specific cDNA probes from Amy 3 7 
inserts (see Example 1) ♦ 

(3) CAT assays to assess transfection 
efficiency 

This assay is conducted using a modified 
protocol described by Gorman et al» (45) . In 
general, cell extracts are prepared by suspending 
10 6 cells in 100 /il of 0.25 M Tris, pH 8, freeze 
and thaw x 3, centrifuge and use the supernatant 10 
1*1 of cell extract, 9.75 pi of 0.25 M Tris/HCl, pH 
7.8, 4 /xl of 14 C chloramphenicol (Amersham) (0.1 



WO 89/06689 PCT/US89/00130 

-38- 



/il) and 1.25 jxl 40 mM Acetyl COA are mixed, 
incubated • at 37 *c for an hour, and extracted with 
athylacetate (0-3 ml). The athylacetate- is 
. evaporated, the residue resuspended in 15 ^1 of ' 
ethylacetate and spotted on TLC paper. Ascending 
chromatography is performed using chloroform/metha- ? 
nol solvent. The paper chromatogram is autoradiog- 
raphed overnight. The results of such experiments 
are depicted in Table I. 

(4) .Establi shment of optimal conditions for 
isolating G4 18 resistant transfected 
cells 

The first step in this process is to titrate 
the optimal amount of genaticin needed to kill the 
cells. Since each cell type has a different degree 
of resistance towards genaticin, HS683, HepG 2 , 
CosA 2 , and SKNSH cells were titrated at 0-0 . 6 
gm/litre of genaticin in thfe media and the level of 
survival of these cells was measured on each day 
following drug treatment. Both the glial (HS633) 
and neuronal (SKNSH) cells responded very well to 
the drug between 0.2-0.4 gm/litre concentration. 
These experiments were repeated for the human liver 
(HepG2) / kidney (CosA2) , C6 mouse glioma and PC12 
mouse cells* 

Assay of amyloid overproduction 



Cells are monitored by anti-amyloid antibodies 
for the overproduction of amyloid (see copending 
application, Serial No. 105,751, filed 10/8/87). 
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TABLE I 

Transfection of CosA 2 cells with pSV 2 CAT (2) and 
Control Salmon Sperm DNA (C) using either Ca?0 4 or 
DEAE dextran method: 

Treatment: % 14 C-chloramphenicol converted to 

mono St diacatyl derivatives 

El C x E 2 C 2 

3 hour DEAE-Dextran CaP0 4 

transfection with 

E or C 88,91 2.0 65,62 <1 

+ Glycerol 

shock 96,96 1.0 94,96 <1 

+ Glycerol + 

Butyrate 88,82 <1.0 

+ Chloroquine 95,92 <1.0 96,90 <1 

Modified 

procedure 86,84 -3.0 — — 

CAT 0.1 unit 95% conversion 0,5 unit 

0.5 unit 86% conversion gives 99,96% 
0.025 unit 73% conversion conversion 



(Data from 2 independent experiments E^ and E 2 is 
shown- pSV 2 CAT is used in experiment (E) and 
Salmon Sperm in controls (C).) 
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F. Immunologic and in situ hybridization studies 

Immunologic and in situ hybridization proto- 
cols using antibody probes for the characterization 
of cells and transgenic mice are ^carried out by 
previously described methods (38, 49, 34). 

G. Transgenic mouse Protocol 

Initially, the same vectors described for 
trans feet ion- studies,. Min, Mas*, Moh and Ameer, are 
used and applied towards the preparation of 
transgenic mice. For- microinjection work, it is 
. very important to eliminate the bacterial sequences 
which can be poisonous for eukaryotic cell replica- 
tion (48) . The exact nature of these sequences is 
not known, except for a region from plasmid pBR322, 
which has been eliminated in the pko-vector series 

(the precursors of the Min, Mas, Moh and Ameer 

* 

vectors), which are poisonous for monkey kidney 
cells. Therefore, the vectors are designed in such 
a way that eukaryotic sequences can be easily 
separated (by digestion with Xba I enzyme) from the 
prokaryotic sequences. The aim is to generate 
animals that express only subdomains of the amyloid 
precursor (A4 and non-A4 domains using Min and Moh 
vectors) ; or, in the total precursor cDNA harboring 
either SV4 0 control elements, or JC control 
elements (Mas and Ameer vectors) . Expression may 
occur in neurons or glia. Although initial studies 
make use of vectors derived from SV40, other 
studies use neuron-specific regulatory elements. 
These elements axe the portions of the genome that 
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contain the control region of neurofilament protein 
expression or the 0-anyloid gene's natural control 
region isolated from AD genomic libraries. 

Various factors affect the frequency of 
integration. These. include the form, of DNA. (linear 
vs. supercoiled) , its purity, concentration and the 
buffer in which the DNA is dissolved. Each of 
these factors are addressed as the experiments 
proceed- For example, the DNA for microinjection 
should be free of all contaminants that might harm 
the egg; e.g., phenol/ ethanol, enzymes and 
particulate matter (that may clog the injection 
needle). Therefore, the DNA is purified thoroughly 
by CsCl 2 density gradient centrifugation (see 
below) , and prior to microinjection, all samples 
are filtered through 0.2 /im filters. For initial 
experiments, 100 ^g of DNA insert (containing only 
eukaryotic sequences) is isolated by restriction 
endonuclease digestion followed by agarose gel 
electrophoresis, and purification by passage 
through a DEAE-sepharose column. At this point, 
the CsCl 2 purification is utilized. 10 Mg of the 
DNA insert is dissolved in 2.4 ml of 10 mM Tris, pH 
7.9, 1 mM EDTA and exactly 3 gms of ultrapure CsCl 
is added. After dissolving the CsCl, the density 
of the solution is checked to make sure it is 1.70 
± 0.01 gm/ml. The solution is transferred to a 
clean 1.3 x 5 cm polyallomer ultracentrifuge tube, 
covered with light paraffin oil and centrifuged for 
48 hours in a SW50.1 rotor at 20*C and 40,000 rpm. 
0.2 ml fractions are carefully collected from the 
bottom of the tube, and the middle 8 tubes are 
assayed for DNA by running 2 /xl on a miniagarose 
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gel. Fractions containing the purified DNA are 
pooled and dialyzed against a large volume of 
injection buffer {10 nuM Tris, pH 7.4, 0.2- mH IDTA) 
changing the buffer several times over a 48 h 
• period. The DNA concentration is* adjusted to 5 
J*g/sil, aliguoted into sterile Eppendorf tubes, 
lyophilized and stored at -20 *C. 

The night before injections, appropriate 
amounts of water are added and left in the refrig- 
. erator to dissolve the lyophilized DNA and recon- 
stitute it to an appropriate volume. C57 SL/5J 
(the inbred stain of mice) is the choice strain. 
The F2 zygotes from these animals are used for 
microinjections. Fertilized eggs are obtained by 
superovulating the females, 1-2 picolitre of 
highly purified DNA (2-5 ng/ml in injection buffer) 
is injected into the pronuclei of fertilized eggs. 
The pronuclei of fertilized eggs swell progressive- 
ly during the one cell stage and are in an optimum 
stage for injections during a period of 3.5 hours. 
After all the eggs are injected, sorting is done to 
separate the healthy eggs from the lysed ones. The 
healthy eggs are cultured in vitro for 3-5 days 
until they have reached the blastocyte stage, in M 2 
media (36) - The recipient female mice, 6-8 weeks 
old and weighing 20 gm, are mated to vasectomized 
males at least 2*5 days before the transfer. The 
animals are maintained in a constant light-dark 
cycle (7 p.m.-S a.m, dark, 5 a.m. -7 p.m. light). 

To set up matings, females (6 weeks, 4 months 
old) are examined in the afternoon and those in 
estrus are placed with males (1-2 females with 1 
male/cage) . The morning after, the females are 
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checked for copulation plug in the vagina. Uterine 
transfers of the blastocyst stage embryos are 
conducted in '5-8 week old. female T 1 hybrids 
(C57BL/6 xCBA) mated to vasectomized males. Each 
recipient* gets 7-3 embryos transferred in her 
uterine horns to get a litter size of at least 
five- 

The fertilized eggs are " dissected out several 
hours before they are to be injected. A 4-6 week 
old superovulated female (B6XCBA Fl) generally 
yields 20-30 eggs. The abdominal cavity is opened, 
the oviduct and ovary is pulled out, and cut 
between the oviduct and ovary. The oviduct and the 
attached segment of the uterus are transferred to a 
35 mm petri dish containing M2 media at room 
temperature. In a separate 35 mm petri dish, M2 
medium containing 300 nq/ial of hyaluronidase is 
placed at room temperature. While viewing through 
a stereomicroscope-, the eggs are pushed out gently 
by squeezing the oviduct with blunt forceps and 
allowed to incubate until the cumulus cells fall 
off. The eggs are rinsed to get rid of the enzyme 
and transferred to a fresh dish of M2 within 1-2 
minutes after the cumulus falls. The eggs are 
transferred to Ml 6 media for culture at 37 *c and 
incubated to get 3.5 day blastocysts. M16 is a 
modified Krebs-Ringer bicarbonate solution which is 
very similar to Whittens medium (62). 
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H. Detection of -the integrated amvioid cDNA and 
its expr ession products in the transgenic ^lics 
and establishment of transgenic souse lines 

Identification of the homozygous transgenic 
nice is done as follows. Southern i>lot analysis is 
performed on tail DNA using two probes: (a) the 3 1 
end noncoding sequences of the mouse A4 amyloid 
cDNA to check for endogenous gene copy numbers and 
(b) the AD human A4 amyloid cDNA sequences from a 
similar region- as a marker for the integrated gene» 
The intensity of band(s) representing the foreign 
DNA is compared with that of band(s) from the 
endogenous gene using densitometry of the auto- 
radiogram. In addition, the homozygosity of each 
animal is confirmed first by genetic means, because 
quantitative methods for homozygotes can produce 
erroneous results • Therefore, each presumptive 
homozygous mouse is crossed with a nontransgenic 
mouse and checked for 100% transmission of the 
foreign DNA to the progeny. 

Karyotyping of mouse cells and mapping 
integrated genes to chromosomes in situ by hybrid- 
ization is conducted as described earlier for more 
precise localization of the factor IX gene on the X 
chromosome (54) * The two probes used are those 
mentioned 'above used to differentiate between 
endogenous and integrated cDNA. 

Localization of gene transcripts in various 
tissue sections is conducted after sacrificing the 
male founder mice (the animals are sacrificed only 
after each has plugged at least 6-8 females) ♦ To 
avail kidney and spleen tissues, partial nephrec- 
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tomy and splenectomy is conducted , but for brain 
sections, it is essential to sacrifice the animals* 

I. Characterization of the transgenic mice 

These studies are carried out concurrently 
with human postmortem neuro&natomic investigations. 
After determining that * a transgenic line is 
established, the animals are sacrificed, sections 
of their tissue are utilized for neuroanatomical 
studies and the remainder for neurochemical and 
biochemical studies, i.e., gene copy number, 
transcriptional and translational analysis, gene 
dissections, etc, 

J. Development of the trans genic line 

Mice that develop from injected eggs are 
called "founder" mice. , After identifying the 
founder, transgenic matings are started to estab- 
lish a transgenic line. The male founder is placed 
with two females, which are checked each day and 
replaced with new females as soon as each is 
plugged. In this manner, the male can sire many 
litters within a few weeks. As soon as a male has 
plugged 6-8 females, he is sacrificed, if neces- 
sary, for the analysis of gene expression. In the 
case of female founders, after she has given birth 
and raised ' at least several litters, she is 
sacrificed for analysis of gene expression. None 
of the animals are sacrificed until positive 
transgenic progeny are identified. Once the line 
is established and biochemical and neuroanatomical 
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analysis conducted for amyloid integration and its 
expression, then, other studies like behavioral, 
neurophysiological, etc. , are conducted to identify 
the various lesions generated in the animals due to 
different site integration and expression of the £ 
amyloid gene, t 
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WHAT IS CLAIMED IS : 

X. A- detectably Xabelled polynucleotide 
molecule ceding for 0-amylcid from the brain of a 
human with Alzheimer's Disease. 

2. The. molecule of claim 1 which is in. cDNA.- 

form, 

3. The molecule of claim 1 wherein said 
label is a radiolabel or a fluorescent label. 

4. A host transformed with a recombinant DNA 
molecule which contains a genetic sequence coding 
for ^-amyloid. 

5. The host of claim 4 which is a eukaryotic 
cell lijie, in vitro . 

6 . The host of any of claims 4 or 5 wherein 
said ^-amyloid from the brain of a human with 
Alzheimer's Disease. 

7. A method of determining the effectiveness 
of a drug for use in the treatment of Alzheimer's 
Disease which comprises 

contacting a host transformed with, and 
capable of normally expressing , the ^-amyloid gene 
with said drug and 

detecting any perturbation in said normal 
expression due to said drug. 
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8. The method of claim 7 wherein said host, 
is a eukaryotic cell line in vitro . 

9. The method- of claim 7 wherein said host 
is a transgenic* mouse, in vivo , 

10. The method of claim 9 wherein said 
amyloid gene is from a human with Alzheimer's 
Disease. 
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